We previously reported the construction of two sets of heterozygous congenic strains spanning the mouse genome. For both sets, C57BL/6J was employed as the background strain while DNA from either DBA/2 or CAST/Ei was introgressed to form the congenic region. We have subsequently bred most of these strains to produce homozygous breeding stocks. Here, we report the characterization of the strain set based on CAST/Ei. CAST/ Ei is the most genetically distant strain within the Mus mus species and many trait variations relevant to common diseases have been identified in CAST/Ei mice. Despite breeding difficulties for some congenic regions, presumably due to incompatible allelic variations between CAST/Ei and C57BL/6, the resulting congenic strains cover about 80% of the autosomal chromosomes and will be useful as a resource for the further analysis of quantitative trait loci between the strains.
For some time, researchers have used mouse genetic crosses to pursue identification of genes underlying complex traits [1] [2] [3] . These crosses take advantage of natural genetic variation between inbred mouse strains to perturb traits relevant to common disease in humans. Results from these studies identify multiple quantitative trait loci (QTL) that show genetic linkage to the trait of interest. However, to validate the effects of any single such locus and to investigate its metabolic impact, other approaches are required. One common approach is to construct a congenic strain that isolates the genetic locus from one of the parental strains on a common genetic background (for example, see Nadeau et al. [4] or Estrada-Smith et al. [5, 6] ). Comparison of the congenic strain directly with the background strain reveals the metabolic impacts of the congenic locus and provides a powerful tool to identify the affected pathways and gene variants. For example, this approach recently led to the identification of a gene important in type 2 diabetes [7] .
An important problem with congenic strains is that they are expensive and time-consuming to construct, requiring a minimum of four or five mouse generations, even with markerassisted strategies [8] . To address this issue, we previously developed two libraries of congenic strains that comprehensively span the genome [9] . At this initial stage, most of the strains remained heterozygous for the congenic region. We have subsequently focused on producing homozygous breeding stocks and have recently described the congenic set carrying the DBA/2J genome introgressed onto C57BL/6J [10] . Strains from this set have already been used to validate and localize several behavioral QTL better [11, 12] , and other studies are in progress.
In the present paper, we describe the second library in which the CAST/EiJ genome is introgressed onto the same C57BL/6J genetic background. CAST/Ei is an inbred strain derived from the wild strain Mus mus castaneus, while the common lab-oratory mouse strains are hybrids of several wild strains, predominately Mus mus domesticus. Because M. m. castaneus diverged from M. m. domesticus about a million years ago [13] , CAST/Ei carries a higher density of DNA polymorphisms than other laboratory strains. As a result, there is a high likelihood of natural variation in most biological pathways compared to standard laboratory strains such as C57BL/6, making castaneus-derived inbred strains attractive candidates for QTL mapping studies. However, while this natural variation increases chances of detecting QTLs, it also causes reduced fertility for some hybrid strains and has made it difficult to generate or maintain some of the congenic strains within the library. For example, we found that congenics carrying middle and distal regions of chromosome 2 from CAST/Ei were difficult or impossible to maintain by standard breeding, although, in independent experiments, we have produced such constructs by routinely employing foster mothers from highfertility strains [5, 6] . Despite these difficulties, we report here a set of congenic strains that cover about 80% of the autosomal chromosomes.
Results
We have used marker-assisted selective breeding to generate a genome-wide library of congenic strains carrying alleles from CAST/EiJ introgressed onto a C57BL/6J background. For most of these strains, we have been able to establish homozygous breeding stocks, although some strains either did not achieve homozygosity or, after becoming homozygous, demonstrated such low fertility that it proved impractical to maintain the stock using routine breeding practices. The approximate boundaries of the set of strains are presented in Fig. 1 . Our objective was to derive congenics that represent the proximal, middle, or distal regions of the chromosome, designated by P, M, and D, respectively, in the strain name. For some chromosomes, there are strains carrying introgressed regions covering both proximal and middle regions (designated PM) or middle and distal regions (designated MD). And, for chromosomes 11 and 19, we created a near-consomic strain designated by C in the strain name.
For homozygous stocks, we carried out high-density genome-wide SNP mapping to identify precisely endpoints of the congenic regions and to locate residual CAST/EiJ contamination on other chromosomes. each region are identified by public SNP identification numbers. As we previously discussed [10] , gaps in the set of informative SNPs such as that seen from 53 to 59 Mb in Fig. 2 most likely represent regions where CAST/Ei and C57BL/6 are identical by descent, probably deriving from a castaneus component of the C57BL/6 hybrid. SNP mapping diagrams for the remaining congenic strains are shown in Supplemental Fig. 2 . Table 1 summarizes markers defining the endpoints of the congenic strains. Some strains carry regions of residual CAST/ EiJ contamination in the remainder of the genome. These regions are summarized in Table 2 .
As was observed with the B6.DBA congenic strain set [10] , there were wide variations in the breeding characteristics of the various strains. These data are presented in Table 3 . Notably, all the strains for chromosome 6 (B6.CAST.6PM, B6.CAST. 6M, and B6.CAST.6D) showed a reduced production of male pups. For instance, for B6.CAST.6PM, the observed male-tofemale ratio was 0.71, compared with the expected ratio of 1.0 (p b 0.05). This suggests that a genetic variation on chromosome 6 in CAST/Ei strongly affects sex ratios in the offspring. Judging from the region of overlap between these strains, the relevant gene is likely located between 73 and 117 Mb (Table 1) .
There was also wide variation in breeding productivity of the strains. To some extent this may reflect differences in the mean number of pups weaned per litter (Table 3) . Overall, the mean weaned litter size was 5.16 pups (±0.93 SD). Two strains (B6.CAST.5D and B6.CAST.10D) showed mean weaned litter sizes (2.27 and 7.80, respectively) that may be possible outliers as detected by outlier box-plot analysis. However, breeding productivity, measured as pups weaned per breeding pair per month, more closely reflects the difficulties encountered in developing a useful experimental strain. This measure takes into account the fact that some strains only infrequently bring a litter to weaning age, either because of a failure to produce pups at all or because the pups die or are killed shortly after birth. This appears to be the case with B6.CAST.2M, which has normal weaned litter sizes but, overall, very low yield of pups per breeding pair per month ("Fecundity" in Table 3 ). In an independent set of B6.CAST congenics that we developed for this region [5, 6] , we found it mandatory to employ foster mothers from a more fecund strain to produce sufficient animals for meaningful experiments. Interestingly, of the strains in the B6.D2 congenic strain set previously described [10] , the B6.D2.2M congenic had the lowest fecundity of all the strains in the set. This suggests that specific alleles in the middle region of chromosome 2 in C57BL/6 have an important impact on successful breeding in this strain and that substitution of alleles from another strain is disruptive to overall breeding success. The genes or mechanisms involved are unclear.
Discussion
We report the construction and breeding to homozygosity of a set of congenic strains in which subchromosomal regions derived from CAST/Ei have been introgressed on a C57BL/6 background. As discussed below, we anticipate that these strains will be useful for following up on QTL mapping studies by many investigators.
Congenic analysis is an important step in the positional cloning of genes affecting complex traits [1] . Quantitative traits are efficiently mapped to large chromosomal regions using F2 intercross and backcross populations. However, genetic analysis of these populations is limited by low genetic resolution and by the presence of a mixed genetic background. This complexity can make it difficult to discriminate between epistasis and other complex gene-gene interactions. The congenic model allows for isolation of strain-specific QTL alleles on an isogenic background. Thus, independent effects of the locus can be confirmed and quantified. The utility of a genome-wide set of congenics is in the ability to evaluate QTL-relevant strains for a variety of phenotypes in a relatively short period of time.
Because of its genetic distance from common laboratory strains, use of CAST/Ei in QTL mapping studies maximizes the chances for observing multiple natural genetic variations impacting the traits concerned. Thus, CAST/Ei has been used in crosses to identify loci affecting a diverse set of phenotypes. These include traits associated with growth and obesity [6, [14] [15] [16] , gallstones [17] , plasma lipids and insulin resistance [6, [18] [19] [20] [21] [22] , eating behavior [23] , B-lymphocyte deficiency [24] , neuron number control [25] (with further mapping shown at http://www.nervenet.org/papers/Strom99/Thesis.html and http://www.nervenet.org/papers/Strom99/Chapter5.html), bone mineral density [26] [27] [28] [29] , soft tissue regeneration [30] , cytokineregulated growth [31] , neuromuscular degeneration [32] , hearing loss [33] , and spherocytosis [34] . Further, from phenotypic data, it is clear the CAST/Ei strain is an attractive strain for pursuing genes underlying a variety of other traits. For instance, in the Mouse Phenome Database (http://phenome.jax. org/pub-cgi/phenome/), CAST/Ei is listed among the outlier strains for activity and motor function, kidney weight, plasma cholesterol, response to atherogenic diet, body weight, blood pressure, ventricle weight, cranial-facial measures (mandible), drinking preference for NH 4 Cl, food and water intake, sandy gallstones on an atherogenic diet, hearing, red cell distribution, total and HDL phospholipids, metabolism (oxygen consumption), plasma triglycerides, and wildness. In summary, we believe that the B6.CAST congenic library presented here will be invaluable in the investigation of a broad range of complex phenotypes. Moreover, because of the high-density SNP mapping carried out on most of these strains, investigators will have the additional advantage of knowing the precise endpoints of the congenic intervals as well as comprehensive knowledge of residual CAST contamination present on other chromosomes. Heterozygous gap, segments within the congenic region remaining heterozygous; Homozygous gap, segments within the congenic region remaining homozygous for B6 alleles; Heterozygous flanking, segments adjacent to the congenic region remaining heterozygous; Heterozygous contamination, regions on other chromosomes remaining heterozygous; Homozygous contamination, regions on other chromosomes carrying homozygous CAST alleles.
Currently, most strains are maintained at UCLA, although some have been transferred to The Jackson Laboratory and we are working with The Jackson Laboratory to establish cryopreserved stocks for a core comprehensive panel of B6.CAST congenic strains. Investigators interested in using these strains should contact Customer Service at The Jackson Laboratory.
Methods and materials

Construction of congenic strains
We previously reported the initial stage of the construction of the CAST × B6 whole-genome congenic library [9] . Briefly, (B6 × CAST)F1 females were mated with B6 males to produce the N2 generation. Thus, the Y chromosome in all our congenic lines is derived from strain C57BL/6J. At subsequent generations, the male progeny were backcrossed to C57BL/6J females. Sires for each generation were selected based on microsatellite markers polymorphic between B6 and DBA using DNAs isolated in a 24-well format. Genome-wide sets of marker panels at ∼20 cM density were used in the N2 and N3 generations, and 5-cM density sets in subsequent generations, as previously described [9] . The selection of animals at each generation was based on: (1) the presence of the desired introgressed segments, (2) lower overall heterozygosity, (3) overlap between neighboring single introgressed segments from the same chromosome carried by different congenics, (4) coverage of the entire genome by sets of congenic strains at each generation of development. Mice at the N6 generation or later were intercrossed and homozygous lines selected for propagation. 
SNP mapping
Most homozygous congenic strains were typed using a panel of 5000 SNPs to map the congenic boundaries precisely and test for contaminating regions. SNP genotyping was performed at Affymetrix using the mouse MegAllele Genotyping Mouse 5K SNP panel [35] .
Statistical analyses
Statistical significance was based upon a pairwise analysis of variance between C57BL/6J and each congenic strain.
